Abstract: This paper focuses on how to design the robust beamforming vectors of multiple peer-to-peer relay networks. In the context of imperfect channel state information at the relays, our goal is to minimize the transmit power at relay nodes subject to the quality of service at each receiver. A method based on real value Lorentz-positive maps and linear matrix inequalities is proposed, which converts the transmit power minimization problem at relay nodes into a convex optimization problem. The proposed method overcomes the disadvantages of traditional methods based on semi-definite programming relaxation, which sometimes result in solutions with rank greater than one. Simulation results show that the solution of the proposed method is consistent with those of conventional method based on semi-definite programming relaxation.
Introduction
In recent years, collaborative relay beamforming algorithms for wireless communication networks with perfect channel state information(CSI) has been well studied to enhance the utilization of the network resources [1] [2] [3] . In these networks, multiple source-destination pairs (peer-to-peer) typically share a channel.
For instance, a method based on semidefinite programming relaxation was proposed to calculate the distributed relay beamforming weights in [2] . To minimize the total transmit power of the network subject to quality-of-service(Qos) constraints at each destination, the problem of joint source power control and general rank relay matrix design was solved in [3] .
However, since in practice estimation errors and quantization errors in CSI are inevitable, they should be considered in system design. One approach is to consider the worst-case based optimization that restricts the channel errors in a certain bounded region [4] [5] [6] . Another approach is the probabilistic approach, in which QoS is guaranteed in a probabilistic sense [7, 8] . The first approach usually employs semi-definite programming relaxation to tackle the problem of infinite constraints due to CSI errors, which can not guarantee a rank-one optimal solution. In the case of solution with a general rank, a randomization procedure has to be utilized to approximate a rank-1 matrix.
In order to overcome this disadvantage, a method based on real value Lorentz-positive maps and linear matrix inequalities is proposed, which converts the transmit power minimization problem at relay nodes into a convex optimization problem, which can then be solved efficiently with convex software. Specifically, we model channel estimation error of the second hop as a Gaussian random vector with known statistical distribution. The objective is to minimize the total transmit power at relays subject to QoS constraints at each receiver.
Problem formulation
Consider a network where K source(S)-destination(D) pairs communicate through a set of M distributed relays { i R }, as shown in Fig. 1 . Each node in the network is assumed to have a single σ .
Without loss of generality, we assume that
, and different k s 's are independent from each other. Due to the distributed nature, each i R multiplies the received signal by a scalar weight i w and then forwards it to the destination. 
where ik h is the Rayleigh flat-fading channel from i R to k D , and
Note that independence among channels } { li g and } { ik h is also assumed. The SINR at k D can be expressed as 
The average total power transmitted at relays is
The optimization problem with perfect CSI can be mathematically formulated as
where k γ is the predefined threshold. The solution to (5) 
Therefore（3）is equivalent to 
With imperfect CSI, the optimization problem is expressed as :
Another statement of (8) is
Robust optimization based on Lorentz-positive maps
First we rewrite (9) Thus（9）can be expressed as the following real-valued problem：
where
[1,,] kkk = δδ δ % ，we obtain the equivalent expression of (9） as
..,
In order to solve (11), we define the following set
From reference [9] we know the set Β in (12) is equivalent to the matrix k B being Lorentz-positive, namely Furthermore, (13) is equivalent to the existence of 2()1,2 kMKM ⊥ +− ∈ X l which satisfies [9] (2()1)*2 ()
Where
symmetric matrices ， which consist of NN × skew-symmetric blocks of dimension MM × . ˆ( ) A G refers to the arrow matrix ofG [9] . Therefore, the optimization problem in（11）is converted to
Numerical Results
In this section, we numerically examine the performance of our proposed robust beamforming design. The method in [4] is named as SDR（Semi-Definite Relaxation）， our proposed method shown in (15) is named as LPM(Lorentz-Positive Map). In the simulations, we compare the performance of these two methods as well as with the perfect CSI case. All results are averaged over 1000 Monte Carlo simulation runs.
In all examples, the parameters are set as,
The norm of all channel estimates is assumed to be one, namely
vector kk εε =h .
In Fig. 2 and Fig. 3 , we plot the minimum average total transmit power of the relay nodes versus the target SINR with 8 M = for different values of 0.01 ε = and 0.04 ε = . In both figures it can be seen that more transmit power is needed when the required SINR at the destination nodes is higher, which conforms to our common sense. To meet the same SINR requirement at the destination nodes, LPM needs a little more transmit power than SDR, which is rather negligible. 
Conclusions
This paper proposes a robust beamforming method for multiple peer-to-peer relay networks. This method solves the transmit power minimization problem at relay nodes subject to the quality of service at each receiver in the context of imperfect channel state information at the relays. The proposed method is based on real value Lorentz-positive maps and linear matrix inequalities, which converts the transmit power minimization problem at relay nodes into a convex optimization problem. The proposed method overcomes the disadvantages of traditional methods based on semi-definite programming relaxation, which sometimes result in solutions with rank greater than one. Simulation results show that the solutions of the proposed method is consistent with those of conventional method based on semi-definite programming relaxation.
